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(54) ACTIVE MATRIX TYPE LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PURPOSE: To suppress the influence of a lateral electric field 
produced between adjacent pixel electrodes of the active 
matrix type liquid crystal display device. 

CONSTITUTION: The active matrix type liquid crystal display 
device consists of a main substrate 1 and an opposite 
substrate 2 which are arranged opposite each other across a 
specific gap. A liquid crystal layer 3 which has constant 
thickness B is held between both the substrates 1 and 2. On 
the top surface of the main substrate 1 , an element wiring area 
including plural thin film transistor elements and electric 
conductors 4 is formed. A flattening layer 5 is formed so as to 
fill unevenness of the surface of the element wiring area. 
Matrix-shaped pixel electrodes 6 are formed on the flat top 
surface of the flattening layer 5. The internal size A between 
adjacent pixel electrodes 6 is set larger than the thickness size 
of the liquid crystal layer 3 to make a secondary lateral electric 
field smaller than a regular longitudinal electric field. 
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CLAIMS 



[Claim(s)] 

[Claim 1 J In the active matrix liquid crystal display equipped with the main substrate and opposite 
substrate by which confrontation arrangement was carried out through the predetermined gap, and 
the liquid crystal layer of the fixed thickness held among both substrates The component wiring area 
where said main substrate includes two or more thin film transistor components and wiring, The 
active matrix liquid crystal display characterized by setting up more greatly than the thickness 
dimension of this liquid crystal layer the spacing dimension of the pixel electrode which has the 
flattening layer which buries the irregularity of this component wiring area front face, and the pixel 
electrode of the shape of a matrix formed in the front face where this flattening layer is even, and 
adjoins each other. 

[Claim 2] Said flattening layer is an active matrix liquid crystal display according to claim 1 
characterized by consisting of transparence resin film. 

[Claim 3] In the active matrix liquid crystal display equipped with the main substrate and opposite 
substrate by which confrontation arrangement was carried out through the predetermined gap, and 
the liquid crystal layer of the fixed thickness held among both substrates The pixel electrode with 
which said main substrate was arranged in the shape of a matrix through predetermined spacing, It 
has the thin film transistor component arranged corresponding to each pixel electrode, and wiring 
arranged along with spacing of the pixel electrode arranged in the shape of a matrix. The active 
matrix liquid crystal display with which the spacing dimension of an adjacent pixel electrode is 
characterized by being set up more greatly than the thickness dimension of this liquid crystal layer 
while the width-of-face dimension of this wiring is made detailed compared with the thickness 
dimension of this liquid crystal layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] ■-- - 

[Industrial Application] This invention relates to an active matrix liquid crystal display. It is related 

with the arrangement structure of a pixel electrode in more detail. 

[0002] 

[Description of the Prior Art] The conventional active matrix liquid crystal display is equipped with 
the main substrate and opposite substrate by which opposite arrangement was carried out through 
the predetermined gap, and the liquid crystal layer held among both substrates. The thin film 
transistor for driving a pixel electrode is cumulatively formed in the main substrate. Signal wiring is 
carrying out electrical connection to the source field of a thin film transistor. The corresponding pixel 
electrode is carrying out electrical connection to the drain field of a thin film transistor. The front 
face of the main substrate is covered with the orientation film. On the other hand, a counterelectrode 
and the orientation film are formed in the front face of an opposite substrate. Twist pneumatic 
orientation of the liquid crystal layer pinched by the main substrate and the opposite substrate is 
carried out with the orientation film, for example. In the active matrix liquid crystal indicating 
equipment which has this configuration, if a picture signal is supplied through signal wiring where a 
selection signal is impressed to the gate electrode of a thin film transistor, a predetermined signal 
charge will be written in a corresponding pixel electrode. By the electric field of the lengthwise 
direction produced between this pixel electrode and counterelectrode, the molecule of the liquid 
crystal layer by which TSUSUTO pneumatic orientation was carried out starts, permeability changes, 
and desired image display is performed. 
[0003] 

[Problem(s) to be Solved by the Invention] If a pixel pitch becomes small with highly-minute-izing of 
an active matrix liquid crystal indicating equipment, in order to secure a desired numerical aperture, it 
is necessary to secure a pixel electrode surface product as greatly as possible. For this reason, 
spacing of an adjacent pixel electrode approaches. When extreme, compared with spacing between 
each pixel electrode and a counterelectrode, spacing of an adjacent pixel electrode becomes small, 
and the case where the direction of the effect of the secondary longitudinal direction electric field 
generated between adjacent pixel electrodes becomes large arises from the lengthwise direction 
electric field of the normal impressed between each pixel electrode and a counterelectrode. 
Conventionally, it is influenced of longitudinal direction electric field, in order that a reverse tilt 
domain may not occur in a liquid crystal layer or a liquid crystal molecule may not start in it correctly, 
an optical omission etc. occurs, and the technical problem that degradation of image quality was 
caused occurs. 
[0004] 

[Means for Solving the Problem] This invention aims at preventing the bad influence of the 
longitudinal direction electric field which produce a liquid crystal pixel detailed-izing and when it is 
made highly minute, and maintaining image quality in view of the technical problem of a Prior art 
mentioned above. The following means were provided in order to attain this purpose. Namely, 



according to the 1st side face of this invention, it sets to the active matrix liquid crystal display 
equipped with the main substrate and opposite substrate by which confrontation arrangement was 
carried out through the predetermined gap, and the liquid crystal layer of the fixed thickness held 
among both substrates. Said main substrate has component wiring area including two or more thin 
film transistor components and wiring, the flattening layer which buries the irregularity of this 
component wiring area front face, and the pixel electrode of the shape of a matrix formed in the front 
face where this flattening layer is even. In this configuration, the spacing dimension of an adjacent 
pixel electrode is set up more greatly than the thickness dimension of this liquid crystal layer. 
Preferably, said flattening layer consists of transparence resin film. 

[0005] In the active matrix liquid crystal display which was equipped with the main substrate and 
opposite substrate by which confrontation arrangement was carried out through the predetermined 
gap, and the liquid crystal layer of the fixed thickness held among both substrates according to the 
2nd side face of this invention Said main substrate has the pixel electrode arranged in the shape of a 
matrix through predetermined spacing, the thin film transistor component arranged corresponding to 
each pixel electrode, and wiring arranged along with spacing of the pixel electrode arranged in the 
shape of a matrix. In this configuration, while the width-of-face dimension of this wiring is made 
detailed compared with the thickness dimension of a liquid crystal layer, the spacing dimension of an 
adjacent pixel electrode is set up more greatly than the thickness dimension of this liquid crystal 
layer. 
[0006] 

[Function] According to the 1st side face of this invention, component wiring area including a thin film 
transistor component and wiring is extensively covered with the flattening layer which consists of 
transparence resin etc. This flattening layer has sufficient thickness, in order to bury the irregularity 
of a component wiring area front face, and an even front face is obtained substantially. Therefore, 
without being theoretically influenced of the irregularity of component wiring area, a pixel electrode 
can be formed in the front face of a flattening layer, and even if it saw superficially and overlaps 
wiring of a substrate, a problem will not be produced. Therefore, even when highly minute-ization of a 
liquid crystal pixel is advanced, sufficient area can be secured for each pixel electrode of every, and a 
numerical aperture is not spoiled. However, if the spacing dimension of an adjacent pixel electrode is 
reduced without any restriction, compared with the lengthwise direction electric field of normal, 
secondary longitudinal direction electric field will become large relatively. Then, the spacing dimension 
of an adjacent pixel electrode was set up more greatly than the thickness dimension of a liquid 
crystal layer, the effect of longitudinal direction electric field was removed substantially, and the 
reverse tilt domain, the optical omission, etc. are prevented. 

[0007] According to the 2nd side face of this invention, highly minute-ization of an active matrix 
liquid crystal display is attained without using a flattening layer. That is, in the planar structure which 
arranged signal wiring and gate wiring along with spacing of the pixel electrode arranged in the shape 
of a matrix, in order to attain highly minute-ization, the width-of^face dimension of this wiring is 
made detailed compared with the thickness dimension of a liquid crystal layer. In this case, when it 
reduces without any restriction [ the spacing dimension of an adjacent pixel electrode ], there is **** 
to which secondary longitudinal direction electric field become large compared with the lengthwise 
direction electric field of normal. Therefore, when the spacing dimension of a pixel electrode sets up 
even in this case more greatly than the thickness dimension of a liquid crystal layer, the reverse tilt 
domain, the optical omission, etc. are prevented. 
[0008] 

[Example] With reference to a drawing, the suitable example of this invention is explained to a detail 
below. <A HREF='7Tokujitu/tjitemdrw.ipdl?N0000=239&N0500=1 

E_N/;?8?=?;69///&N0001=722&N0552=9&N 0553= 000003" TARGET="tjitemdrw"> drawing 1 is the 
typical sectional view showing the 1st example of the active matrix liquid crystal display concerning 
this invention. This active matrix liquid crystal display is equipped with the main substrate 1 and the 



opposite substrate 2 by which confrontation arrangement was carried out through the predetermined 
gap so that it may illustrate. The liquid crystal layer 3 is held between both the substrates 1 and 2, 
and it has fixed thickness B. Component wiring area including two or more thin film transistor 
components (not shown) and wiring 4 is formed in the front face of the main substrate 1. In addition, 
the signal wiring by which electrical connection of this wiring 4 is carried out to the source field of a 
thin film transistor, gate wiring which similarly carries out electrical connection to a gate electrode 
are included. In order to bury the irregularity of this component wiring area front face, the flattening 
layer 5 is formed. Since the flattening layer 5 consists of transparence resin film etc. and has 
sufficiently big thickness compared with the level difference dimension of wiring 4 etc., the front face 
is substantially even. The pixel electrode 6 is formed in the even front face of the flattening layer 5 in 
the shape of a matrix. As a description matter of this invention, the spacing dimension a of the 
adjacent pixel electrode 6 is set up more greatly than the thickness dimension B of this liquid crystal 
layer 3. 

[0009] In addition, in this example, it has consistency at spacing of the adjacent pixel electrode 6, and 
patterning formation of the wiring 4 is carried out. In this case, since the level difference of wiring 4 is 
completely absorbed by the flattening layer 5 and irregularity does not arise at all even if it sees 
superficially and overlaps the edge of the pixel electrode 6 in wiring 4, when performing orientation 
control of the liquid crystal layer 3, trouble does not arise. 

[0010] On the other hand, the counterelectrode 7 is formed in the internal surface of the opposite 
substrate 2. Thickness B of the liquid crystal layer 3 is equal to the appearance understood from 
drawing in the gap dimension between a counterelectrode 7 and the pixel electrode 6. If a 
predetermined electrical potential difference is impressed between a counterelectrode 7 and the pixel 
electrode 6, the molecular arrangement of the liquid crystal layer 3 will change, permeability will 
change, and desired image display will be performed. Under the present circumstances, since the 
spacing dimension a of the adjacent pixel electrode 6 is greatly set up compared with the spacing 
dimension B of each pixel electrode 6 and a counterelectrode 7, the secondary longitudinal direction 
electric field impressed between the pixel electrodes 6 are relatively controlled small compared with 
the lengthwise direction electric field of normal. Consequently, the reverse tilt domain and the optical 
omission of the liquid crystal layer 3 can be controlled. In addition, it has consistency with spacing of 
the pixel electrode 6 arranged in the shape of a matrix, and the black mask 8 is formed in the internal 
surface of the opposite substrate 2. By carrying out the mask of the part of the liquid crystal layer 3 
which does not contribute to image display, this black mask 8 is formed in order to raise effectual 
display contrast. Moreover, although not shown clearly by a diagram, orientation processing 
predetermined in the internal surface of the main substrate 1 and the opposite substrate 2 is 
performed, respectively, and the liquid crystal layer 3 is for example, in the twist pneumatic 
orientation condition. 

[001 1] Drawing 2 is the top view which, and expressed it. [ the top view ] [ the active matrix liquid 
crystal display shown in drawing 1 ] [ **] [ type ] The pixel electrode 6 is arranged in the shape of a 
matrix. In accordance with the spacing of each pixel electrode 6, gate wiring 4G are arranged in the 
direction of X. Moreover, signal wiring 4S are arranged in the direction of Y along between the trains 
of the pixel electrode 6. Corresponding to each pixel electrode 6, the thin film transistor (TFT) 9 for 
switching is formed. The gate electrode of TFT9 is connected to gate wiring 4G corresponding, the 
source electrode is connected to signal wiring 4S corresponding, and the drain electrode is connected 
to the corresponding pixel electrode 6. A selection pulse is supplied to gate wiring 4G by line 
sequential, and the pixel electrode 6 is made into switch-on for every line. Synchronizing with this, a 
picture signal is supplied to signal wiring 4S, a picture signal is written in the pixel electrode 6 through 
TFT9 in switch-on, and desired image display is performed. In addition, in the case of the liquid 
crystal display, the alternating current drive is performed, and the polarity of a picture signal is 
reversed for every line. Depending on the case, the polarity reversals of a picture signal may be 
performed for every field. 



[0012] Next, with reference to drawing 3 and drawing 4 , actuation of the active matrix liquid crystal 
display shown in drawing 1 and drawing 2 is explained to a detail. Drawing 3 is the typical sectional 
view cut along with X-X-ray shown in drawing 2 , (1) expresses the case where the spacing A of the 
adjacent pixel electrode 6 sets up small compared with the spacing B of a counterelectrode 7 and the 
pixel electrode 6, and (2) expresses the case where spacing A is greatly set up compared with 
spacing B according to this invention. If an electrical potential difference is impressed to the pixel 
electrode 6 and a counterelectrode 7 with the electrode disposition structure of (1), since the 
direction of the longitudinal direction electric field EH generated in contiguity pixel inter-electrode will 
become stronger than the lengthwise direction electric field EV of normal, unlike perpendicularly it 
should be perpendicularly suitable essentially, liquid crystal molecule 3M located near the edge of the 
pixel electrode 6 will be suitable in the direction of slant. A reverse tilt domain occurs by this, or it 
becomes the cause of an optical omission and leads to degradation of image quality. On the other 
hand, with the electrode disposition structure of (2), even if it impresses an electrical potential 
difference to the pixel electrode 6 and a counterelectrode 7, longitudinal direction electric field can 
start in the direction which should be turned to essentially, without influencing liquid crystal molecule 
3M of a contiguity pixel electrode compared with lengthwise direction electric field, since it is 
sufficiently small. 

[0013] Drawing 4 is the sectional view cut along with the Y-Y line similarly shown in drawing 2 , (1) is 
the case where the spacing A of the pixel electrode 6 which adjoins each other for numerical 
aperture reservation is small set up compared with the spacing B of a counterelectrode 7 and the 
pixel electrode 6, and (2) is the case where spacing A is greatly set up compared with spacing B 
according to this invention. Especially with the electrode disposition structure shown in (1), since the 
electrical potential difference of the positive/negative contrary will be built between the adjacent 
pixel electrodes 6 when it drives by performing polarity reversals for every line, it will be influenced of 
the bigger longitudinal direction electric field EH, and turbulence of liquid crystal molecule 3M will 
become large. That is, if the polarity-reversals drive for every, line is performed, compared with the 
right-and-left pixel inter-electrode potential difference shown in (1) of drawing 3 , the vertical pixel 
inter-electrode potential difference shown in (1) of drawing 4 will become large notably. Therefore, it 
is important for the relation of A>B specified by this invention to fill with the pixel inter-electrode 
which adjoins up and down especially. If the pixel electrode 6 and a counterelectrode 7 are arranged 
so that the relation of A>B may be filled as shown in (2), the bad influence by longitudinal direction 
electric field can be removed, and liquid crystal molecule 3M can be started to an original 
perpendicular direction. 

[0014] Especially the relation of A>B specified according to this invention has important semantics in 
the active matrix liquid crystal display which adopted the flattening layer. Because, in the active 
matrix liquid crystal display which has the flattening layer in which a raise in a numerical aperture is 
possible, a large area of a pixel electrode can be taken compared with the former. Moreover, it is 
because it is possible to reduce contiguity pixel inter-electrode distance to the limitation of 
patterning precision theoretically, so the situation of not filling relation of A>B may happen much. 
What is necessary is to sprinkle on a substrate the gap spacer which has a particle size smaller than 
pixel inter-electrode distance as a means on the manufacture approach which is always stabilized 
and fills the relation of A>B, and just to stick the main substrate and an opposite substrate. 
According to this approach, even if considerable extent contraction of the contiguity inter-electrode 
distance is carried out, it is possible for it to be stabilized physically and to guarantee the relation of 
A>B. However, since the thickness of a liquid crystal layer also becomes small as highly-minute-izing 
of a liquid crystal pixel and high numerical aperture-ization progress, it will be necessary to choose 
suitably the liquid crystal ingredient which fulfills a predetermined electro-optics property. 
[0015] Next, with reference to drawing 5 and drawing 6 , the manufacture approach of the active 
matrix liquid crystal display shown in drawing 1 is explained to a detail, the front face of the insulating 
substrate which becomes the beginning from a quartz etc. in the process A of drawing 5 first — the 



1st polycrystalline silicon thin film (1Poly) — LPCVD — membranes are formed by law. Next, once 
performing Si ion implantation and making it detailed, solid phase growth is performed and diameter- 
ization of a large drop of 1Poly is attained. Patterning of the 1Poly is carried out to the shape of an 
island after that, and a component field is formed. Furthermore the front face is oxidized thermally 
and it is Si02. It carries out and gate oxide is obtained. Furthermore, boron ion is poured in by 
predetermined concentration, and threshold voltage is adjusted beforehand, next, the process B — 
setting — LPCVD — SiN is formed by law and it considers as a gate nitride. This front face of SiN is 
oxidized thermally and it is Si02. It converts. Thus, Si02 / SiN/Si02 Gate dielectric film excellent in 
the pressure resistance which consists of a three-tiered structure is obtained. Next, the 2nd 
polycrystalline silicon thin film (2Poly) is deposited by the LPCVD method. After attaining low 
resistance-ization of 2Pol(ies), patterning is carried out to a predetermined configuration and the 
gate electrode G is obtained. Next, by using the gate electrode G as a mask, As ion is poured in by 
seH^alignment and it considers as the so-called LDD structure. Then, after removing SiN by etching 
partially, As ion is poured in by high concentration and the source field S and the drain field D are 
established in 1Poly. Thus, TFT of an N channel mold is formed. In addition, in forming TFT of a P 
channel mold, it pours in boron ion. then, the process C — setting — APCVD — the 1st interlayer 
insulation film (1PSG) is deposited by law. After carrying out patterning formation of the 1st contact 
hole (ICON) at this 1PSG, aluminum (aluminum) is extensively formed by sputtering. The signal wiring 
which carries out patterning of this to a predetermined configuration, and carries out electrical 
connection to the source field S of TFT is processed. 

[0016] the process D of drawing 6 — setting — LPCVD — the 2nd interlayer insulation film (2PSG) 
is deposited on 1PSG in piles, and the signal wiring which consists of aluminum is completely covered 
with law. Then, the irregularity of 2PSG front face is fill uped with a flattening layer in Process E. For 
this reason, the liquefied acrylic resin which has predetermined viscosity was applied by spin coating 
at this example. The afterbaking processing was performed, acrylic resin was stiffened, and it 
considered as the flattening layer. Photolithography and etching are performed to the hardened 
flattening layer, and the 2nd contact hole (2CON) is formed. The drain field D of TFT is exposed to 
this pars basilaris ossis occipitalis of 2CON(s). Next, in Process F, the transparence electric 
conduction film is formed by sputtering. In this example, ITO is used as a transparence electric 
conduction film ingredient. The interior of 2CON(s) is also filled up with ITO, and the drain field D of 
TFT and an electric flow are taken. Finally in Process G, patterning of the ITO is carried out to a 
predetermined configuration, and it considers as a pixel electrode. The main substrate flattening was 
carried out [ the substrate ] by the above process is obtained. Then, an opposite substrate is joined 
through a predetermined gap, enclosure restoration of the liquid crystal layer is carried out into this 
gap, and an active matrix liquid crystal display is obtained. 

[0017] Although the example mentioned above is the active matrix liquid crystal display with which 
the flattening layer was formed, this invention is not restricted to this. Even if it is the active matrix 
liquid crystal display which does not have a flattening layer, when detailed-ization of signal wiring or 
gate wiring is performed with highly-minute-izing, this invention is effective similarly. In view of this 
point, the 2nd example of this invention is explained to a detail with reference to drawing 7 . The 
active matrix liquid crystal display has the main substrate 1 and the opposite substrate 2 by which 
confrontation arrangement was carried out through the predetermined gap so that it may illustrate. 
Among both the substrates 1 and 2, the liquid crystal layer 3 which has fixed thickness B is held. In 
the front face of the main substrate 1, the pixel electrode 6 is arranged in the shape of a matrix 
through the predetermined spacing A. Moreover, the thin film transistor component (not shown) is 
formed corresponding to each pixel electrode 6. Furthermore, wiring 4 is arranged along with spacing 
of the pixel electrode 6 arranged in the shape of a matrix. While the width-of-face dimension C of 
this wiring 4 is made detailed compared with the thickness dimension B of a liquid crystal layer, the 
spacing dimension a of the adjacent pixel electrode 6 is set up more greatly than the thickness 
dimension B of the liquid crystal layer 3. For example, the thickness dimension B of the liquid crystal 



layer 3 is about 3-4 micrometers. Detailed-izing is possible for the width-of-face dimension C of 
wiring 4 to about 1 micrometer by applying a VLSI technique and on the other hand, attaining low 
resistance-ization. In this case, it is possible to make spacing dimension a of the pixel electrode 6 
smaller than the thickness dimension B of the liquid crystal layer 3 in manufacturing technology. 
However, there is **** which was mentioned above and which a reverse tilt domain and an optical 
omission generate like in this case. Then, according to this invention, the spacing dimension a of the 
pixel electrode 6 is set up more greatly than the thickness dimension B of a liquid crystal layer. 
[0018] The arrangement structure of the pixel electrode 6 in the common active matrix liquid crystal 
display to drawing 8 and a counterelectrpde 7 is shown for reference. The thickness dimension B of 
the liquid crystal layer 3 is set as 3-4 micrometers by the appearance mentioned above. On the other 
hand, on the level of a processing technique usual in the width-of-face dimension C of wiring 4, about 
2.5 micrometers is a limitation. Moreover, the distance of wiring 4 and the pixel electrode 6 is about 
1.5 micrometers. Therefore, the spacing dimension a of the adjacent pixel electrode 6 is set to about 
5.5 micrometers, and is larger than the thickness dimension of the liquid crystal layer B. Therefore, it 
is not necessary to pay consideration to the relation between A and B especially in a common active 
matrix liquid crystal display. However, to attain detailed-ization of wiring 4 and realize highly minute- 
ization of an active matrix liquid crystal display, it is necessary to attach importance to related A>B 
specified by this invention. 
[0019] 

[Effect of the Invention] When highly-minute-izing of an active matrix liquid crystal display and high 
numerical aperture-ization are attained, spacing of an adjacent pixel electrode is set to A and spacing 
of a pixel electrode and a counterelectrode is set [ which was explained above ] to B like according 
to this invention, a reverse tilt domain and an optical omission can be controlled by filling the relation 
of A>B. Consequently, it is effective in the ability to obtain the active matrix liquid crystal display of 
high-definition and high contrast. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the typical fragmentary sectional view showing the 1st example of the active matrix 
liquid crystal display concerning this invention. 

[Drawing 2] It is the typical top view of the active matrix liquid crystal display shown in drawing 1 . 
[Drawing 3] It is the explanatory view of the active matrix liquid crystal display shown in drawing 1 
and drawing 2 of operation. 

[Drawing 4] It is the explanatory view of the active matrix liquid crystal display similarly shown in 
drawing 1 and drawing 2 of operation. 

[Drawing 5] It is the production process Fig. of the active matrix liquid crystal display shown in 
drawing 1 . 

[Drawing 6] Similarly it is a production process Fig. 

[Drawing 7] It is the typical sectional view showing the 2nd example of the active matrix liquid crystal 
display concerning this invention. 

[Drawing 8] It is the sectional view showing the example of reference of an active matrix liquid crystal 
display. 

[Description of Notations] 

1 The Main Substrate 

2 Opposite Substrate 

3 Liquid Crystal Layer 

4 Wiring 

5 Flattening Layer 

6 Pixel Electrode 

7 Counterelectrode 

8 Black Mask 

A Spacing of a pixel electrode 

B Thickness of a liquid crystal layer 
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